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ABCTRACT 
This work consisted of a comparative analysis of four formulations of yogurts (with lactose/sucrose-
free, with lactose/with sucrose, lactose-free/sucrose-free and lactose-free/with sucrose) in relation to 
changes occurring as a function of the presence or absence of sucrose and lactose. Chromatographic 
analysis (quantification of lactose), pH analysis and counting of viable lactic acid bacteria were 
carried out over 42 days. Coliforms, molds and yeasts were analyzed in a complementary manner. 
The pH values of all formulations were significantly reduced by comparing day 0 to day 42. In the 
formulations with lactose, there was a significant reduction in the concentration of this sugar 
throughout the storage. Higher stability of lactic acid bacteria was observed in the formulation with 
lactose and sucrose-free. In all formulations, counts of Streptococcus salivarius subsp. thermophilus 
were higher than the counts of Lactobacillus delbrueckii subsp. bulgaricus. There was no presence of 
coliforms, molds and yeasts in any formulation. In conclusion, lactic acid bacteria remain viable in 
yogurt throughout storage, even under refrigeration, and the presence or absence of lactose and 
sucrose interferes with S. thermophilus and L. bulgaricus counts. 
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RESUMO 
Este trabalho consistiu em uma análise comparativa de quatro formulações de iogurtes (com lactose 
/ sem sacarose, com lactose / com sacarose, sem lactose / sem sacarose e sem lactose / com sacarose) 
em relação às alterações ocorridas em função da presença ou ausência de sacarose e lactose. Análises 
cromatográficas (quantificação de lactose), análises de pH e contagem de bactérias ácido-lácticas 
viáveis foram realizadas durante 42 dias. De forma complementar, também foram realizadas análises 
de coliformes, bolores e leveduras. Os valores de pH de todas as formulações foram 
significativamente reduzidos comparando o dia 0 ao dia 42. Nas formulações com lactose, houve uma 
redução significativa na concentração desse açúcar durante o armazenamento. Foi observada maior 
estabilidade das bactérias ácido-lácticas na formulação com lactose e sem sacarose. Em todas as 
formulações, contagens de Streptococcus salivarius subsp. thermophilus foram superiores às 
contagens de Lactobacillus delbrueckii subsp. bulgaricus. Não houve presença de coliformes, bolores 
e leveduras em nenhuma formulação. Em conclusão, as bactérias ácido-lácticas permanecem viáveis 
no iogurte durante o armazenamento, mesmo sob refrigeração, e a presença ou ausência de lactose e 
sacarose interfere nas contagens de S. thermophilus e L. bulgaricus. 
 
Palavras-chave: Intolerância, bactérias ácido-lácticas, lactose, armazenamento, iogurte 
 
 
1 INTRODUCTION 
Yogurt is the most popular fermented milk (Magenis et al., 2006; De Oliveira, 2014), being 
produced from milk fermentation by protosymbiotic cultures of Streptococcus salivarius subsp. 
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus, and other lactic acid bacteria can also 
be used, in order to increase the characteristics of the final product (Brasil, 2007). 
During the fermentation process, lactic acid bacteria consume 20-30% of lactose present in 
milk (Buttriss, 1997) producing volatile compounds and lactic acid, which is responsible for the 
acidification of the product and consequently for the coagulation of milk proteins (Fellows, 2006; 
Wijesinha-Bettoni and Burlingame, 2013; Gezginc et al., 2015), giving rise to yogurt. 
Yogurt consumption has been growing worldwide (Shiby and Mishra, 2013, De Oliveira, 
2014), mainly due to its practicality (De Oliveira, 2014), nutritional value, flavor and low cost 
(Tamime and Robson, 2007 apud Kwon et al., 2014). This trend has motivated the dairy industry to 
innovate in the production of yogurt, meeting an increasingly demanding and specific demand 
(Tamime and Robson, 2007 apud Vénica et al., 2018). 
A major problem related to the consumption of foods containing lactose, such as yogurt, is 
the difficulty of digestion of this sugar by a considerable part of the population. It is estimated that 
approximately 70% of the world population presents one of the forms of lactose maldigestion, known 
as primary lactase deficiency (Heyman, 2006). In this case, even in childhood, generally from 3 years 
of age, the concentration of lactase begins to decrease, reducing the absorption capacity of lactose 
(Heyman, 2006; Koblitz, 2013). Other forms of maldigestion are secondary lactase deficiency, caused 
by some lesion of the intestine that damages the mucosa, being more common in children, and there 
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are also cases of children who are already born with lactase deficiency, but this case is extremely rare 
(Heyman, 2006). 
In cases of digesting lactose problems, lactose is not fully absorbed and accumulates in the 
intestine, where it is fermented by the intestinal microbiota, causing uncomfortable symptoms, a 
condition known as lactose intolerance (Weaver, 2013). 
People with lactose maldigestion can tolerate yogurt better than milk, which is due to longer 
gastric emptying, slower gastrointestinal transit, and lactase production by viable fermenters 
microorganisms after yogurt ingestion (Buttriss, 1997; Labayen et al., 2001; Jay, 2005). In cases 
where there is no addition of milk solids, it is possible to relate this better tolerance also to the lower 
concentration of lactose in comparison to milk, due to the considerable consumption of this sugar 
during the fermentation process (Buttriss, 1997). However, due to the great variation of the individual 
tolerance towards lactose, it is not possible to guarantee that the consumption of yogurt does not cause 
the discomfort of intolerance in all consumers with maldigestion of this sugar (Heyman, 2006). 
Therefore, in the face of such individualism, to ensure that everyone can consume the product 
without symptoms, the food industry produces Zero Lactose yogurt, leaving consumers with lactose 
maldigestion more secure in their consumption. 
The main form of producing lactose-free milk and dairy products is the enzymatic hydrolysis 
of this sugar, using the enzyme β-galactosidase (E.C. 3.2.1.23), popularly known as lactase (Morlock 
et al., 2014). This enzyme, predominantly of microbial origin, hydrolyzes the lactose, forming the 
monosaccharides glucose and galactose, easily absorbed by the intestine (Ordóñez, 2005; Koblitz, 
2013). 
In the case of sweetened yogurts, there is another drawback, which concerns the addition of 
sucrose. High sugar intake has been associated with obesity and a greater chance of chronic diseases, 
such as type 2 diabetes, for example. Thus, the reduction of its consumption has been treated as a 
way of promoting health (Morenga et al., 2013, World Health Organization, 2018). A growing public 
of people, have been seeking to reduce the consumption of sugar, by worrying each day more with 
health and nutrition, generating a great demand for products without adding sugar. From this new 
demand, added to the demand of the public of consumers with diabetes, a great variety of products 
without sucrose addition has appeared in the current market. 
The market for specialty dairy products, such as Zero Lactose, and without added sucrose, has 
been growing exponentially, which does not occur with the same speed in research in this area. The 
objective of the present study was to compare yogurts prepared with different formulations (with 
lactose/with sucrose, with lactose/sucrose-free, lactose-free/with sucrose, lactose-free/sucrose-free), 
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following the modifications that occurred during refrigerated storage and relating them to the 
carbohydrate compositions of the dairy bases used to produce the yogurts. 
 
2 MATERIALS E METHODS 
All the analyzes were carried out at the laboratories of the Food Engineering course, from the 
Federal University of Uberlândia, in Patos de Minas. 
Production of yogurts 
Four firm yogurt formulations were produced: with lactose/sucrose-free, with lactose/with 
sucrose, lactose-free/sucrose-free and lactose-free/with sucrose. Each formulation was replicated 
three times. 
Yogurts were produced from commercial ultra high-temperature milk (UHT) 
(carbohydrates: 5 g/100 mL, proteins: 3 g/100 mL, fats: 3 g/100 mL), following the methodology 
proposed by Vénica et al. (2018) with some modifications. 
Each of the formulations was made from 1 L of milk and 0.1 g of lyophilized mixed YO-
MIX 885 culture (Danisco France SAS, Sassenage, FR). 
For the lactose-free formulations, the milk was first subjected to a lactose hydrolysis process, 
by the addition of 2 mL of the enzymatic preparation LACTLOW L lactase base (Granolab | Granotec, 
Araucária, PR) and stirring in a heating plate and magnetic stirring, model C-MAG HS 7 S32 (Ind. 
and Com. Electro-Eletrônica Gehaka Ltda., São Paulo, SP) adjusted to 45°C for a period of 1 hour. 
For the sucrose formulations, 80 g of sugar was added to the milk, with and without lactose. 
Then, the four formulations were heat treated at 85 °C for 30 minutes in a micro-processed 
mouth water bath, model Q334M-28 (Quimis, Diadema, SP) to ensure the sterility of the product. 
After this period, the milk bases were cooled to 43 °C at which temperature the lyophilized 
mixed culture was added. The formulations were shaken and packed in sterile individual glass jars, 
which were incubated in a germination chamber, model SL-225/364 (Solab, Piracicaba, SP) at 43 ± 
1 °C until reaching a pH of 4.7 ± 1. The yogurts were stored at 4 °C ± 1 for 42 days. 
pH analyses  
The pH was measured using an mPA-210 model pH meter (Tecnopon, Piracicaba, SP) 
calibrated with buffer solutions 4.0 and 7.0. The analyses were performed in three repetitions for each 
yogurt replicate. 
Quantification of lactose by high performance liquid chromatography (HPLC) 
The lactose was quantified by HPLC using high efficiency liquid chromatograph (model LC-
20 AT Prominience), with RID detector (Shimadzu Corporation, Kyoto, Japan) Supelcogel K column 
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(Supelco, Sigma-Aldrich, St. Louis, MO) and HPLC grade lactose standard (Sigma-Aldrich, St. 
Louis, MO). 
Clarification of samples 
Before being injected into the chromatography system, the samples were clarified following 
the methodology of Cataldi et al. (2003) and methodology 997.05 of AOAC International (2003), 
both adapted. 
For each of the formulations, 15.625 g of sample was diluted in 50 mL of deionized water. 
After homogenization, 0.620 mL of Carrez I solution was added, with subsequent stirring. Then, 
0.620 mL of Carrez II solution was also added, stirring again. 
Carrez solutions were prepared according to AOAC International (2003) methodology 
997.05, as described below: 
• Carrez I: 1.5 g of K4[Fe (CN)6].3H2O (potassium ferrocyanide trihydrate) P.A ACS (Vetec 
brand) for a total of 10 ml of solution; 
• Carrez II: 3.0 g Zn(OAc)2.2H2O  (zinc acetate bihydrate) P.A. crystallized (brand Proquimios) 
for a total of 10 ml of solution. 
After this step, the samples were centrifuged at 3300 rpm for 10 minutes and the supernatants 
were filtered in a syringe filter with 0.20 μm pores. 
Lactic acid bacteria count 
The acid-lactic bacteria count was performed according to a methodology proposed by Akgun, 
Yazici & Gulec (2016). The counts of L. bulgaricus were measured on MRS agar (Oxoid, pH 5.2) 
incubated at 45 °C for 72 hours under anaerobic conditions. The counts of S. thermophilus were 
measured on M17 agar (Sigma-Aldrich, pH 7.1) supplemented with 10% (w/v) lactose solution 
(Sigma-Aldrich) incubated at 37 °C for 48 hours under aerobic conditions. In both cases, the pour 
plate technique was used. Counts were expressed in colony forming units per gram of product (cfu g-
1). 
Analysis of the most probable number of total and themotoletant coliforms 
The analysis of coliforms was performed according to the methodology set forth in Chapter 
VI of Annex I of Normative Instruction No. 62 of August 26, 2003 (Brasil, 2003). 
For the presumptive test dilutions 10-1  at double concentration (relative to dilution 100) and 
dilutions 10-1 and 10-2 at single concentration were inoculated into Lauryl Sulfate broth (Ionlab), in 
tubes with threads containing Durhan tubes and incubated in BOD at 36 ± 1 °C for 48 hours. In the 
confirmatory test, tubes with bubble presence were peaked in tubes containing EC broth (Biolog) 
with Durhan tube and incubated at 45 ± 0.2 °C for 48 hours. 
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Mold and yeast counts 
For the yeast and mold counting analyzes, YMR Compact Dry plates (Nissui Pharma, Japan) 
were used. Incubation occurred at 25 °C for 4 days, conditions used in a study by Akgun et al. (2016). 
Statistical Analysis 
Three replicate assays were conducted in the yogurt manufacturing, for greater 
representativeness of the results. The values obtained in the analyzes were expressed as the mean ± 
standard deviation (SD). One-way ANOVA and Tukey averages comparison tests, with a significance 
level of 95%, were used to verify if there was a significant difference between the results obtained, 
as a function of the yogurt composition and storage time. The software Microsoft Excel (2013 
version, Microsoft, Redmond, Washington) and BioEstat (version 5.3, Instituto Mamirauá, Tefé, 
AM) were used. 
 
3 RESULTS AND DISCUSSION 
pH analyses 
The results obtained in the pH analyzes are shown in Figure 1.  
 
Figure 1 - pH values of yogurts at the end of production and during storage at 4 ± 1 ºC. 
 
LFWS: lactose-free/with sucrose, WLWS: with lactose/with sucrose, WLSF: with lactose/sucrose-free, LFSF: lactose-
free/sucrose-free. 
 
For all formulations, pH values were significantly reduced until day 14, increasing slightly 
from day 21 and falling back on day 35. There was a statistical difference between the formulations 
only on day 7. 
Mohammadi-Gouraji et al. (2019) also observed an increase in the pH of yogurts on day 21, 
attributing such behavior to the production of possible metabolites, such as amino acids, bacteriocins 
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and vitamins at the end of the product's useful life. However, since day 21 was the last day analyzed 
by the authors, it is not possible to predict the pH behavior from this moment onwards. 
Vénica et al. (2018) analyzed the pH of four yogurt formulations over 28 days: with lactose 
(with and without sucrose) and without lactose (with and without sucrose). For all formulations 
analyzed, there was a reduction of pH up to day 21, and from day 14 the differences were very 
discrete. On day 28, the values were slightly higher than on day 21, but there was no statistical 
difference. Despite this trend of increasing at day 28, it is not possible to predict if the profile 
presented after that day would be similar to that found in this study. 
Analyzing the pH change of unflavored yogurt over 8 days under storage at 4 °C, Wei et al. 
(2017) reported a decrease from ~ 4.57 to 4.24 from day 2 to day 8, consistent with this study. 
Akgun et al. (2016) followed up changes in 4 formulations of unflavored buffalo milk yogurt 
over 20 days of storage at 4 °C and also observed a reduction in pH over the storage period, ranging 
from 4.60 - 4.64 to 4.35 - 4.39. The authors attributed this drop to the production of lactic acid even 
at refrigeration temperatures. 
Even at a storage temperature of 4 °C used in this work, it is normal for there to be a drop in 
pH values of the yogurts over the days as a function of the residual metabolic activity of the viable 
lactic acid bacteria present (Beal et al., 1999; Wei et al., 2017), as occurred until the 14th day. This 
reduction in pH in the refrigerated storage period is related to the increase in lactic acid concentration, 
known as post acidification, since its production is not interrupted after refrigeration (Kneifel et al., 
1993; Akgun et al., 2016). However, according to Shahbandari et al. (2016), over time, with the 
reduction of available carbohydrates, lactic acid bacteria can degrade proteins, promoting the increase 
of pH, as observed between days 14 and 28. 
No studies were found in the literature with sufficient analysis time, which reported a drop in 
pH value, followed by an increase and subsequent drop again, as found in this work. Therefore, it is 
not possible to state the reason why pH values dropped again after day 35. One hypothesis for future 
studies would be the degradation of the compounds possibly responsible for the pH increase, formed 
in the previous moment, and the continuous production of lactic acid associated with the viability of 
lactic acid bacteria present in yogurts. 
Quantification of lactose by high performance liquid chromatography (HPLC) 
The lactose concentrations present in the yogurts, on days 1 and 42, are shown in Table 1.  
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Table 1 - Carbohydrate concentrations (g L-1) during storage at 4 ± 1 ºC (mean ± standard deviation; n = 3).  
 Day Formulation 
    WLWS WLSF LFSF LFWS 
Lactose 1 29.36 ± 1.30aA 29.58 ± 0.42aA 0.00 ± 0.00aC 0.00 ± 0.00aC 
  42  25.90 ± 0.43bA  23.61 ± 1.06bB 0.00 ± 0.00aC 0.00 ± 0.00aC 
aMeans followed by the same uppercase letter in the same line or the same lowercase letter in the same column for the 
samples do not differ according to Tukey’s test. LFWS: lactose-free/with sucrose, WLWS: with lactose/with sucrose, 
WLSF: with lactose/sucrose-free, LFSF: lactose-free/sucrose-free. 
 
As observed, there were significant changes in lactose concentrations over the refrigerated 
storage period for with lactose/with sucrose and with lactose/sucrose-free yogurts promoted by the 
residual metabolic activity of viable lactic acid bacteria (Beal et al., 1999), as found in a study by 
Vénica et al. (2018). 
Lactose consumption was higher in the with lactose/sucrose-free sample, indicating that the 
carbohydrate composition in the formulations affects the metabolic activity of lactic acid bacteria, as 
concluded by Vénica et al. (2018). 
In a study conducted by Vénica et al. (2018), lactose consumption over time was also higher 
for yogurt with lactose and sucrose-free, compared to yogurt with lactose and with sucrose. The 
authors suggested that the lower consumption of lactose in sweetened yogurt may be due to the 
consumption of sucrose as a source of carbon, even though it has not quantified this sugar. 
According to Sobowale et al. (2011), the presence or absence of one sugar may interfere with 
the absorption of another sugar, which may justify the difference in the rate of consumption of lactose 
in the different formulations. 
Some people with maldigestion of lactose tolerate the consumption of up to 12 g of lactose or 
200 mL of milk in a single dose, with few or no symptoms (De Vrese et al., 2001; European Food 
Safety Authority, 2010). This tolerance can become even greater if the product to be consumed is 
yogurt (Hutkins and Goh, 2014; Tong and Berner, 2016; Aryana and Olson, 2017). As a considerable 
reduction in lactose concentration has been observed throughout the refrigerated storage of the 
yogurts produced in this research, it is concluded that for these consumers, consuming the yogurt in 
the last days of its useful life will bring even lower risks of the manifestation of symptoms. 
Microbiological analyses 
The results of the counts of lactic acid bacteria are shown in Table 2.   
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Table 2 - Change in lactic acid bacteria counts during storage at 4 ± 1 ºC (mean ± standard deviation; n = 3). 
 
 
aMeans followed by the same uppercase letter in the same line or the same lowercase letter in the same column for the 
samples do not differ according to Tukey’s test. LFWS: lactose-free/with sucrose, WLWS: with lactose/with sucrose, 
WLSF: with lactose/sucrose-free, LFSF: lactose-free/sucrose-free. 
 
As can be observed, in general, there was lower stability of the L. bulgaricus culture 
throughout the refrigerated storage period, being also the most affected by the different treatments in 
relation to the S. thermophilus culture. 
Regarding the S. thermophilus counts, there was only statistical difference over time for the 
with lactose/with sucrose sample, with a minimum count on day 35, and for the lactose-free/sucrose-
free sample, with an increase in counting on day 7. 
Regarding the counts of L. bulgaricus, there was no significant difference over time for the 
with lactose/sucrose-free sample. For the other samples, different profiles were observed, but on day 
42, both lactose-free/with sucrose yogurt and lactose-free/sucrose-free presented significantly lower 
counts compared to day 1. The highest drop in counting occurred in lactose-free/with sucrose yogurt. 
The counts of S. thermophilus were statistically the same among the different treatments on 
all the days of analysis, except for day 1. The counts of L. bulgaricus were statistically different 
among the treatments in all the days of analysis, except for day 7. 
Yogurts produced with milk without lactose hydrolysis and without added sugar (with 
lactose/sucrose-free) showed more stable lactic acid bacteria counts over time in relation to the others. 
In the work done by Vénica et al. (2018) there was no significant difference between the 
formulations analyzed: with lactose (with and without sucrose) and without lactose (with and without 
sucrose), indicating that carbohydrate compositions of the different milk bases did not affect the 
viability of lactic acid bacteria. There was also no significant difference between the counts of S. 
thermophilus and L. bulgaricus throughout the refrigerated storage, indicating good stability of the 
same in the different matrices. These authors found values varying from 9.1 to 9.3 log CFU / g and 
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from 2.2 to 2.8 log CFU / g for S. thermophilus and L. bulgaricus, respectively. The S. thermophilus 
counts were consistent with the present study, but the counts of L. bulgaricus were lower. 
Mohammadi-Gouraji et al. (2019), observed a significant drop in counts of L. bulgaricus and 
S. thermophilus over 21 days of analysis, of approximately two log cycles for both cultures in natural 
traditional yogurt made with skim milk, which is not in accordance with the present work, since for 
the lactose and sucrose-free samples there was no significant difference in the counts over the storage 
period. 
Akgun et al. (2016) analyzed the population of S. thermophilus and L. bulgaricus in traditional 
3% fat (w/w) buffalo milk yogurts over 20 days of refrigerated storage. The S. thermophilus count 
ranged from 8.25 to 8.60 log CFU / g, showing no significant difference, indicating good stability of 
the culture over the life of the yogurt. The authors reported counts of L. bulgaricus ranging from 6.33 
to 5.20 log CFU/g, being therefore lower than the counts of S. thermophilus, which is consistent with 
the present work. Despite a reduction in the counts of the two lactic acid bacteria, only for L. 
bulgaricus, there was a significant statistical difference, indicating a lower stability of this culture 
throughout the storage period, which is not in agreement with the present study, in relation to the 
similar formulation (with lactose/sucrose-free), since in this case, the two cultures remained stable 
throughout the 42 days. 
Oliveira et al. (2015) purchased at the market, low-fat natural yogurt at the beginning of their 
useful lives and added different concentrations of a strawberry mix of own production, producing 
different formulations of strawberry flavored yogurts. Control yogurts (without addition of the mix) 
showed L. bulgaricus counts ranging from ~6 to ~ 3.5 log CFU / mL, while S. thermophilus counts 
ranged from ~ 7.5 to ~7 log CFU / mL, indicating greater stability of the S. thermophilus culture 
throughout the refrigerated storage period, as observed by Akgun et al. (2016). 
The presence of coliforms was not detected in any of the formulations produced, as well as of 
molds and yeasts, indicating good microbiological quality and efficacy in hygienic-sanitary care in 
the production and conditioning stages (Akgun et al., 2016; Barkallah et al., 2017). 
Birollo et al. (2000), Akgun et al. (2016) and Barkallah et al. (2017) also did not detect the 
presence of coliforms in yogurts produced in their studies. Among these authors, molds and yeasts 
were grown only in Akgun et al. (2016), while in the others these microorganisms were not detected 
even after 4 weeks of storage at 4 °C. 
Akgun et al. (2016) found mold and yeast counts ranging from 0.4 log cfu g-1 to 5.7 log cfu g-
1 from day 1 to day 20 of storage for yogurt with lactose, produced from milk of buffalo with 3% 
(w/w) of fat and without sucrose. Despite the significant growth of these microorganisms, the S. 
thermophilus count did not vary statistically during the storage, however, the population of L. 
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bulgaricus reduced in approximately 1 logarithmic cycle. Some authors have related the reduction in 
the population of L. bulgaricus to the growth of the yeast population (Canganella et al., 1998; Viljoen 
et al., 2003). This relationship is consistent considering the results obtained in the present work, since 
there was no growth of molds and yeasts in any of the formulations and both the S. thermophilus and 
L. bulgaricus populations in the similar sample (with lactose/sucrose-free) remained statistically 
invariant throughout the storage. 
 
4 CONCLUSIONS 
It is possible to conclude that, even under refrigeration, lactic acid bacteria remain viable in 
yogurts, since they promote the reduction of both pH and lactose in these products. In the present 
study, it was possible to prove that the presence or absence of lactose and sucrose interfered in the 
counts of S. thermophilus and L. bulgaricus and the formulation with lactose/sucrose-free promoted 
greater stability to the cultures throughout the storage.  
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